Soil depth heterogeneity within the shallow limy range site in western Kansas results in differences in range composition and production.
, calcareous nature of the soil (Linnell, 1961) , parent material (Smith, 1963) , soil types (Lunsford, 1963) , and slope-exposure (Glover et al., 1968) contribute to the variability of the Mixed Prairie. Range managers utilize such research to divide large range areas into units called range sites. Soils have been used as a criterion for classifying range sites along with climax vegetation, climate, and topography.
One such unit in western Kansas is the shallow limy range site (USDA, 1968) , a site typified by shallow soils but having considerable vegetation and soil heterogeneity. Weaver and Clements (1938) and Tomanek (1963) have expressed the idea that soil depth influences vegetation heterogeneity.
The purpose of the present investigation was to ascertain what correlations existed between soil depth, basal cover, and the production within the shallow limy range site. by Hulett and Tomanek (1969) .
Study Area and Procedure
In an effort to minimize the influence of soil factors other than depth, sampling criteria were:
(1) transects placed on the contour to minimize effects of slope position and (2) slope and exposures chosen that were nearly the same.
Samples were taken at 1 m intervals along the transects described above. 
Results and Discussion
In an attempt to ascertain if soil depth was correlated to various attributes of the vegetation, 14 variables were chosen for correlation analysis (Table 1) .
Sixty-four of the total correlation coefficients were significant at either the 5% or 1% level. Some of the coefficients in the matrix, such as the correlation between total basal cover and total production, are of minor ecological consequence but are reported since they aid in the interpretation of the coefficients contained in the top line of the matrix, which represents the correlation coefficients found between soil depth and the remaining 13 variables.
Positive correlations were found between soil depth and total production, soil depth and total basal cover, and total production and total basal cover.
Examination of the total correlation between soil depth and total production indicated that an increase in total production resulted from increases in soil depth. However, total basal cover, which was also positively correlated to both total production and soil depth, was responsible for the correlation between soil depth and total produc tion. The partial correlation coefficient between soil depth and total production was non-significant indicating that total production was not directly affected by soil depth but that soil depth affected total basal cover which in turn influenced total production.
The total correlation coefficients also indicated that the production of grasses increased with an increase in soil depth.
Since the production of grasses was also correlated with total basal cover, partial correlation coefficients were again computed to determine if the correlation between production of grasses and soil depth was real. The partial correlation coefficients were all significant, indicating that production of grasses was affected by both soil depth and total basal cover.
Three grass species had higher basal cover on deeper soils: blue grama, buffalograss and side-oats grama.
Two of these species, blue grama and buffalograss are related to the significant positive correlation between soil depth and production of short grasses. However, a third shortgrass species, hairy grama, is also included in this correlation. Although the basal cover of hairy grama was negatively correlated to soil depth, the production of short grasses was still positively correlated to soil depth.
Both blue grama and buffalograss yield considerably more than hairy grama, thereby offsetting the negative effect of hairy grama on the correlation.
On soils less than 20 inches in depth, the basal cover of buffalograss was lower while blue grama remained about the same. Therefore, buffalograss was principally responsible for the significantly higher production of shortgrasses on soils deeper than 20 inches.
The production of shortgrasses increased as soil depth increased (Table 2) in the same manner as total production. The 20+ inch category had the highest production of shortgrasses.
Total basal cover increased as soil depth increased and a close relationship between basal cover and total production existed ( Table 2 ). The shortgrasses influenced the total basal cover because of their growth habit.
The highest basal cover was found on soils over 20 inches in depth and again buffalograss was responsible, since its cover was significantly reduced on soils shallower than 20 inches. In depth categories ranging from 4 inches to 20 inches no significant differences in HULETT ET AL. cover of buffalograss were found. Side-oats grama seemed to be particularly well adapted to soils 12 to 20 inches deep and may have been competitive in reducing the cover of buffalograss on these particular soils.
Basal cover of blue grama did not differ significantly on soils deeper than 4 inches but was significantly reduced on soils shallower than 4 inches.
The production of midgrasses increased as soil depth increased.
Side-oats grama, the major midgrass, increased in basal cover on deeper soils while little bluestem decreased in basal cover as soil depth increased. Since side-oats grama had a greater yield than little bluestem, a positive correlation was found for the production of midgrasses. Another factor contributing to this positive correlation was the entry of two other midgrasses, redthreeawn (AGstida longiseta) and purple-threeawn (A. purpurea) in sample plots with deeper soils.
Side-oats grama was the major midgrass found in the sample areas, with a highest basal cover on the 12 to 20 inch depth soils. This species is most commonly found on areas of medium depth, where the soils are calcareous.
Soils deeper than 20 inches in the study area are not calcareous, and thus might not be as suitable for the best development of this species.
Conversely, side-oats grama seems to be somewhat excluded from shallow soils, which may represent the competitive effect of little bluestem. The basal cover of big bluestem, the most abundant tallgrass on the area, decreased as the soil depth increased, as shown by the negative correlation coefficient and resulted in decreased production of all tallgrasses as the soil depth increased. The production of tallgrasses was significantly higher on the shallower soils (Table  Z) , a phenomenon related to the growth of big bluestem on such soils.
The production of forbs was not significantly correlated to soil depth. Although a large number of forbs was found on shallow soils, such morphologically large species as slimflower scurfpea (Psoralea tenuiflora), found growing on deeper soils, produced a greater amount of forage, compensated for the few forbs species on deeper soils and resulted in a non-significant correlation COefficient. Total production (grasses and forbs) generally increased as soil depth increased ( Table 2 ). The lowest production was found on the 0 to 4 inch and 12 to 20 inch depth categories and the highest production on soils deeper than 20 inches. There was no significant difference in grass production on soils deeper than 4 inches. This may indicate that any difference in total production between soil depth categories deeper than 4 inches was the result of differential forb production, although the data on forb production do not support this conclusively.
When the soil was shallower than 4 inches, the production of grasses was significantly lowered.
Although some soils samples were deeper than 20 inches, they are classified as shallow limy range sites, since their extent is so limited that technically they would have to be considered as deep soil inclusions within the shallow limy site. Such soil heterogeneity gives rise to production variability that must be recognized in range condition evaluation.
An important aspect regarding the effect of soil depth on vegetation is the rooting habits of the species involved.
A thorough study of the root habits of many prairie plants growing in rockfilled soil was made by Albertson (1937) . He found that the roots of little bluestem and side-oats grama, though relatively fine, penetrated only to about three feet. Those of big bluestem extended one to two feet deeper.
The fine roots of hairy grama, blue grama, and buffalograss were usually confined to the surface 18 inches. He further pointed out that although the roots may be confined to shallower depths on rock soil, at times the roots penetrate soil-filled fissures in the rocks, making it possible for the root systems to develop to greater depths.
Such differential rooting may result in competitive advantages to the plants that are ultimately manifested in variations in composition and production.
Conclusions
(1) Total forage production increased as soil depth increased, with soils over 20 inches in depth producing significantly more forage than any other depth categories.
(2) Total basal cover increased as soil depth increased, showing the same significant ranges as total production.
(3) Production of grasses did not differ significantly on soils deeper than 4 inches indicating that increases in total production beyond this depth were the result of increased forb production. (4) Basal cover of buffalograss was significantly reduced on soils shallower than 20 inches.
(5) Production of shortgrasses increased as soil depth increased, the highest production being on soils deeper than 20 inches. (6) Basal cover of side-oats grama increased as soil depth increased, the greatest basal cover being on the 12 to ZO-inch category, being significantly higher than all other categories.
(7) Soil heterogeneity within a recognized range site can produce significant variability in range composition and production.
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